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常规强子和奇异态物质 
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 Conventional hadrons: meson 𝑞𝑞 ,  baryon: 𝑞𝑞𝑞  or |𝑞 𝑞 𝑞 〉  

 Conventional Spin-parity quantum numbers  

Mesons:  𝑛2𝑆+1 𝐿𝐽   , 𝑃 = −1 𝐿+1 ;  ∃𝐶, 𝐶 = −1 𝐿+𝑆 

             e.g. 0− +, 0+ +, 1−−, 1+−, 2+ +, 2−−, … 



常规强子和奇特态物质 
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 QCD allows for “exotics” 

 Conventional Spin-parity quantum numbers (continued) 

Baryons: classified by 𝐷, 𝐿𝑁
𝑃 , 𝑒. 𝑔. 𝑁 = 0: nucleon and Δ, 𝑃 = + 

   or classified by 𝑋2𝑆+1 𝐿𝜋 𝐽
𝑃  with X = N, Δ,… , 𝜋 =

𝑀 𝑜𝑟 𝐴 (symmetry) 

Exotic quantum numbers: 0−−, 0+−, 1− +, 2+−, 3− +, … 



自旋-宇称量子数的测量方法 
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 Angular distribution analysis: Ω−, :  𝐽𝑃 = 3/2+ 


𝑑𝑁

𝑑 cos 𝜃ℎ
∝

1 + 𝛽 cos 𝜃ℎ                                                    ( 𝐽 = 1/2)

1 + 3 cos2 𝜃ℎ + 𝛽 cos 𝜃ℎ(5 − 9 cos2 𝜃ℎ)  (𝐽 = 3/2)

1 − 2 cos2  𝜃ℎ + 5 cos4 𝜃ℎ + 𝛽 cos𝜃ℎ ∗                           

 5 − 26 cos2 𝜃ℎ + 25 cos4 𝜃ℎ                      (𝐽 = 5/2)

 

BaBar col.PRL97, 112001 (2006) 

+ : data 
-: 𝐽 = 3/2, 𝑓𝑖𝑡 𝛽 
…:𝐽 = 3/2 , 𝛽 = 0 

+: 𝑑𝑎𝑡𝑎 
…:𝐽 = 5/2 , 𝛽 = 0 

 𝜒2 test 
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 Moment analysis: Ξ 1820 ∶  𝐽 = 3/2     Phys.Lett., 77B, 451 

 @4.2GeV ∶  𝐾−𝑝 →
Λ𝐾+𝐾−, Ξ−𝐾+𝜋+𝜋− 
 Ξ∗− → Λ𝐾− 
 Ξ∗− → Ξ∗0 1530 𝜋−  

Moment relation: 

 𝑌𝐿
𝑀

Ξ∗− 1530 =

1 −
2𝐿 𝐿+1 1−𝛾′

2𝐽+3 2𝐽−1
𝑌𝐿
𝑀

Λ 

 Data: 
  CERN 𝐾− beam 

to 2m hydrogen 

bubble chamber  



Λ𝑐自旋宇称量子数的测量 
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1. M. Ablikim et al. (BESIII Collaboration), Phys. Rev., D103, L091101 

(2021);  

 

 PDG 2018  PDG 2022 



  587 pb−1 at 𝑠 = 4.6 GeV 
  likelihood test using angular distribution for 𝑒+𝑒− → Λ𝑐Λ 𝑐, Λ𝑐 →

𝑝𝐾𝑆
0, Λ𝜋+, Σ0𝜋+,  and Σ+𝜋0. 

  Tow spin hypotheses, 𝐽 =
1

2
,
3

2
 are tested. 

  likelihood function:  

       

  Angular distribution: 

  



 Survived events: 2829 events, 242 bkg. events  



 − ln∑𝐿𝑖 = −45.2 𝐽 =
1

2
,  

          = −21.5  (𝐽 =
3

2
 ) 

  𝑡 = −2 ln(𝐿3/2/𝐿1/2) 
  6𝜎 significance for spin 

         𝐽 = 1/ 2  over 3/2  
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Z𝑐(3900)自旋和宇称的测量 

1. Ablikim, M. et.al, (BESIII)  Phys.Rev.Lett.,110, 252001 (2013). 

2. Ablikim, M. et.al, (BESIII), Phys.Rev.Lett.,119, 072001 (2017). 



𝑒+𝑒− → 𝜋+𝜋−𝐽/𝜓 事例 
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BaBar实验 Belle实验 

 (e+e-  +-J/) ~ 4.26 GeV 截面最大 
 建议在4.26GeV采集45 天数据，可积累500 pb-1 数据 
 在30天内积累了 525 pb-1 !是 CLEO-c 数据的40倍! 

 



Dalitz plot and mass spectrum 
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BESIII:  PRL110, 252001 (2013) 



Zc(3900) confirmed by other experiments 

BESIII：Mar. 24, 2013 

Belle：   Mar. 30, 2013 

CLEOc：Apr. 10, 2013 

Zc established！ 
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CLEOc data 

at 4.17 GeV 

PLB 727, 366 

(2013) 

PRL 110, 252002 (2013) 

PRL 110, 252001 (2013) 



Spin and parity measurement 
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4.23 GeV 
1092/pb 

4.26 GeV 
826/pb 

  simultaneous fit of  

two data sets 

  helicity amplitude for 

𝑒+𝑒− → 𝛾∗ → 𝑅 𝜋𝜋 𝜓  & 
   𝑍𝑐𝜓,𝜓 → 𝑙+𝑙− 
 Isobar model: 

𝜎 𝑓0, 𝑓0 1370 , 1270 , 𝑍𝑐
±  

  𝑍𝑐
± as 1+ state 
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 Zc(3900) 自旋宇称的角分布分析 

1. 𝑒+𝑒− → 𝜋±𝑍𝑐
∓ 

𝑑𝑁

𝑑 cos 𝜃0 
∝

sin2 𝜃0                   (𝐽
𝑝 = 0−)

1 + 𝛼0 cos
2 𝜃0  (𝐽

𝑃 = 1+)

1 + cos2 𝜃0        (𝐽
𝑃 = 1−)

1 + 𝛼0 cos
2 𝜃0  (𝐽

𝑃 = 2−)

1 + cos2 𝜃0        (𝐽
𝑃 = 2+)

 

2.𝑍𝑐
∓ → 𝜋∓𝐽/𝜓 

𝑑𝑁

𝑑 cos 𝜃1 
∝

1                            (𝐽𝑝 = 0−)

1 + 𝛼1 cos
2 𝜃1  (𝐽

𝑃 = 1+)

1 + cos2 𝜃1        (𝐽
𝑃 = 1−)

1 + 𝛼1 cos
2 𝜃1 + 𝛼2 cos

4 𝜃1   (𝐽
𝑃 = 2−)

1 − 3 cos2 𝜃1 + 4 cos4 𝜃1        (𝐽
𝑃 = 2+)

 

Ref. Chin. Phys. Lett. Vol. 33, 

061401 (2016) 
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 Zc(3900) 自旋宇称的角分布检验和统计显著性 
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 Zc(3900) 统计显著性 

 𝐻0 hypothesis:  𝐽𝑃 = 1+; 𝐻1 hypothesis:  𝐽𝑃 = 0− or (1−, 2^±);  

 Statistics:  

 𝑝-value : 

 Significance 
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 𝑍𝑐
± Argand plot 
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𝑋(2085)自旋和宇称的测量 

Ablikim, M., et.al, (BESIII) Phys.Rev.Lett., 131, 151901(2023) 

𝑒+𝑒− → 𝐾−𝑋 2085 +, 𝑋 2085 + → 𝑝 Λ 
 
𝑀pole = 2084−2

+4 ± 9 MeV, Γ = 58−3
+4 ± 25 MeV 



𝑝Λ  threshold enhancement 𝑋(2085) 

Motivation 
Observed at BESII in 2004 

 Similar structure was seen in 

several B meson and 

charmonium decays 

  Investigated theoretically 

under scenario of quark model, 

FSI and chiral effective theory 

BESII:𝑱/𝝍 → 𝒑𝑲−𝚲 + 𝒄. 𝒄. 
PRL 93 (2004) 112002 

BESIII:𝝌𝒄𝟎 →
𝒑𝑲−𝚲 + 𝒄. 𝒄. 
PRD 87 

(2013) 

012007 

BELLE:𝐁+ →
𝒑𝚲 𝜸 

PRL 95 (2005) 

061802 

BELLE:𝐁𝟎 →
𝒑𝚲 𝝅− 

PRL 90 (2003) 

201802 

𝑴 = 𝟐𝟎𝟕𝟓 ± 𝟏𝟐 ± 𝟓 

MeV/𝒄𝟐     

𝚪 = 𝟗𝟎 ± 𝟑𝟓 ± 𝟗 

MeV 

BELLE:𝐁+ → 𝒑𝚲 𝝅𝟎 

PRD 76 (2007) 

052004 
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.74.014029
https://doi.org/10.1016/j.physletb.2005.08.046
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.59.3009
https://www.worldscientific.com/doi/abs/10.1142/S0217751X07037949
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.97.065201
http://cpc.ihep.ac.cn/article/doi/10.1088/1674-1137/42/1/014105
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 𝑋(2085) in 𝑒+𝑒− → 𝛾∗ → 𝑝𝐾−Λ +c.c. 

• 𝑋 2085 [K(2085)] first observed in 𝐽/𝜓 → 𝑝𝐾−Λ + 𝑐. 𝑐., 
but spin-parity not measured. 

• Similar evidence found in 𝐵 → 𝑝Λ𝜋,  and  𝜓′, 𝜒𝑐𝐽 → 𝑝𝐾−Λ. 

•  Near 𝑝Λ𝑐 threshold, an enhancement also 

observed in 𝐵− → Λ𝑐
+𝑝 𝜋−  

𝒔 = 𝟒. 𝟏𝟕𝟖 GeV 

𝒔 = 𝟒. 𝟏𝟕𝟖 

GeV 

PRL131, 151901 (2023) 
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 𝑋(2085) in 𝑒+𝑒− → 𝛾∗ → 𝑝𝐾−Λ  + c.c. 

𝒔 = 𝟒. 𝟏𝟕𝟖 

GeV 

• 𝑋 2085 , 𝐽𝑃 =  1+ 

•  𝑀𝑝𝑜𝑙𝑒 = (2084−2
+4 ± 9) MeV 

• Γ𝑝𝑜𝑙𝑒 = (58−3
+4 ± 25 ) MeV 
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Check significance with toy MC method 
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X(2085) Argand plot 
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 check alternative 𝐽𝑃   
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 check alternative 𝐽𝑃   
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Data favor 1+ hypothesis 
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Data at other five points 

Data luminosity  

 
𝑚𝑝𝐾 

𝑚𝑝Λ  

𝑚𝐾Λ  
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   其他自旋-宇称量子数测量的范例 

1.  M. Ablikim et al. (BESIII Collaboration), Observation of an Isoscalar 

Resonance with Exotic 𝐽𝑃𝐶 = 1− + Quantum Numbers in in 𝐽/𝜓 → 𝛾𝜂𝜂′,  
Phys.Rev.Lett. 129, 192002 (2022);  

2. M. Ablikim et al. (BESIII Collaboration), companion paper, Phys. 

Rev. D 106, 072012 (2022). 

 

3. M. Ablikim, et.al., (BESIII) , Model-Independent Determination of the 

Spin of the Ω−  and Its Polarization Alignment in 𝜓 2𝑆 → Ω−Ω +,   Phys. 

Rev. Lett. 126 (2021) 9, 092002. 

 

4.  M. Ablikim， et.al., (BESIII), Determination of spin and parity of 𝐷∗ 𝑠  

mesons, Phys. Lett., B846, 138245(2023)    
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Summary 

• Spin-parity measurements using hypothesis 
testing 

• Distinguishing spin parity through angular 
distribution, angular moment analysis, and fit 
quality 

• Exotic spin-parity measurements as a tool for 
identifying exotic states. 

Thanks for your attention! 
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